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ABSTRACT 
 
 
 
Sanders, Kathryn E.  M.S., Purdue University, May 2012.  Relative Importance of Water Quality 
and Habitat to Fish Communities in Streams Influenced by Agricultural Land Use in the Cedar 
Creek Watershed, Indiana.  Major Professor: Robert B. Gillespie. 
 
 
 
Agricultural land use has been shown to negatively impact fish communities in 
headwater streams that also serve as agricultural drainage ditches.  The objective of this study 
was to determine the relative contributions of water quality and habitat on fish community 
diversity in streams surrounded by agriculture using a two-step process.  First, by determining 
the relative contributions of water quality and instream habitat to fish community diversity; and 
second, by using streamside bioassays at sites of varying contamination to determine 
differences in survivorship, growth, hepatosomatic index (HSI), and condition factor (K).   Fish 
from headwater streams dominated by agriculture were sampled, and habitat characteristics 
were measured from the same stream reaches.  Streamside bioassays were constructed to 
pump water directly from the stream to expose fishes to seasonal and daily variations in 
contaminations and contaminant concentrations.  Principal components analysis was used to 
determine important trends in water quality and habitat data, which were then used in multiple 
linear regressions with fish community data.  Ten fish community response variables were best 
explained by instream habitat, three were best explained by riparian habitat, and four fish 
community response variables were best explained by stream water contaminants.  This 
indicates instream habitat may be a greater predictor of fish communities than water quality.  
ix 
 
Results from streamside bioassays suggest water quality does not have a noticeable 
effect on survivorship, growth, HSI, or K, supporting the hypothesis that fish community 
integrity may be less influenced by water quality than by habitat quality in agricultural drainage 
ditches. 
 
  1 
 
INTRODUCTION 
 
Aquatic ecosystems have the potential to be negatively impacted by agricultural land 
use through habitat alteration and agricultural contaminants.  According to the United States 
Department of Agriculture (USDA), 20% of land across the U.S. is used for agricultural crop land 
(USDA/ERS, 2011).  In Indiana in 2007, 12.7 million acres, 64% of the total area of the state, was 
used for agricultural crops (USDA/NASS, 2009).   It has been estimated by the USDA that as 
much as 50% of the agricultural land in Indiana is drained, and that Indiana ranks second in the 
nation for amount of land that uses drainage systems in order to be farmed (Baker, Stone, 
Wilson, & Meyer, 2006).  Receiving waters of installed drainage tiles from croplands are often 
headwater streams.  In addition to being used for drainage, these headwater streams support 
aquatic communities which have the potential to be impacted by adjacent agricultural land use, 
either from drainage tiles or field runoff.   Despite the presence of farming in Indiana for more 
than 150 years, little is known about the impacts of agriculture on aquatic organisms in the 
35,000 miles (McCall & Knox, 1979) of receiving streams in Indiana. 
Agricultural contaminants in adjacent stream waters have the potential to impact 
aquatic organisms year round, not just during the growing season.  The U.S. Geological Survey 
(USGS) has reported that pesticides or residues of the chemical breakdown process are present 
more than 95% of the year in stream waters dominated by agricultural land (Gilliom, 2007).  It 
was also reported that two or more pesticides and other contaminants were present in the 
streams more than 90% of the year, and ten or more contaminants were reported present 
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about 20% of the year.  Over half of the streams in the ten year study exceeded the benchmark 
for healthy aquatic populations, and in some cases the benchmark was exceeded for more than 
one contaminant at least one time per year (Gilliom, 2007).  Concentrations of agricultural 
chemicals in receiving waters fluctuate seasonally.  Periods of low concentrations are 
interrupted by short duration events of higher concentration (Gilliom, 2007).  If chemical 
application closely precedes a rain event, higher concentrations of chemicals are likely to be 
present in tile drainage waters and stream waters (Baker et al., 2006).   
In addition to nutrient, contaminant, and sediment loading from field tiles, agricultural 
land use has the potential to change habitat characteristics within the stream.  Headwater 
streams of agricultural watersheds are often modified by dredging in order to remove water 
expeditiously.  Channel dredging changes the channel morphology of the stream by removing 
the riffle, run, pool, and glide habitats that are present in a natural stream.  Channelization 
leaves a straightened, more homogeneous run-type stream habitat.  This has been shown to 
have a negative impact on fish community diversity (Lau, Lauer, & Weinman, 2006).  Dredging 
upstream reaches is also likely to affect the watershed below in a multitude of ways, including 
increased downstream sediment load, and change in downstream channel morphology (Allan, 
2004; Church, 2002).   
Smiley et al. (2008) reported that instream habitat had a greater positive influence on 
fish communities in agricultural drainage ditches than either riparian habitat or water chemistry.  
However, this does not empirically show cause and effect.  Lau et al. (2006) reported that 
channelization in agricultural streams causes a significant decrease in fish community diversity 
when compared to fish communities in unchannelized agricultural streams.  Other studies have 
also reported a negative relationship between fish community structure and channelized 
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streams (Scarnecchia, 1988; Sullivan et al., 2004).  Results from published research suggest that 
the quality of instream habitat is more important than water quality at explaining variation in 
fish community response variables for fishes that inhabit streams in agricultural watersheds. 
However, these field studies did not test the effects of exposure of fishes to agricultural 
contaminants.   
 Little is known about the impact of the variations of contaminants and contaminant 
concentrations of agricultural receiving waters on fish communities.   A field study by Smiley et 
al. (2009) reported a weak, but statistically significant relationship between water chemistry and 
fish communities in headwater streams surrounded by agricultural land use.  Other field studies 
have also found fish communities are more correlated with habitat than water chemistry 
(D’Ambrosio, Williams, Witter, & Ward, 2009; Miltner & Rankin, 1998), although agricultural 
pesticides were not included in these studies.   Most of what is known about toxicity of 
individual agricultural contaminants to fishes is from laboratory studies.   Adelman et al. (2009) 
found that Topeka shiners are less tolerant to ammonia than fathead minnows (Adelman, 
Kusilek, Koehle, & Hess, 2009).  Belden and Lydy (2006) found that a combination of two specific 
insecticides was more toxic to fathead minnows than each insecticide individually.  Bringolf et al. 
(2004) found a decrease in gonad size, fertilization rate, and egg production in fathead minnows 
exposed to atrazine; however, these findings were not statistically significant (Bringolf, Belden, 
& Summerfelt, 2004).  Call et al. (1984) found that concentrations of alachlor in agricultural 
streams waters were not high enough to effect fathead minnow growth (Call et al., 1984.  Tillitt 
et al. (2010) found  that exposure to atrazine caused a significant decrease in egg production, 
reduced the number of spawning events, and increased the number of gonad abnormalities 
after 20 days of exposure (Tillitt, Papoulias, Whyte, & Richter, 2010).  Most of these laboratory 
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studies are limiting in that they test predetermined concentrations of a single chemical or in 
some cases a simple mixture of chemicals, to a single or few species.   
Toxicity of mixtures of contaminants to organisms is not well understood, and can be 
difficult to predict.  Pesticides can be grouped not only by the pest they are trying to remove 
(herbicide, insecticide, fungicide), but also by the class of chemical and the mode of action by 
which it is toxic to an organism.  If contaminants have a same mode of action, it is possible that 
when found in combination, they will have an additive, or synergistic, effect.  Toxicity is harder 
to predict for contaminant mixtures where contaminant modes of action differ (Lydy, Belden, 
Wheelock, Hammock, & Denton, 2004).  Models are often used to predict the effects of a 
mixture of contaminants, but these models are based on statistical predictions rather than 
actual toxicity testing (Lydy et al., 2004).  Integrity of fish communities in agricultural 
watersheds are negatively impacted by habitat alterations and exposure to contaminants, but 
the relative role of water quality versus habitat is not well documented.   Bioassays constructed 
at the stream side with water pumped directly from the stream would give a means to expose 
fish to the daily variation in contaminant mixtures and contaminant concentrations. 
 The objective of this research is to determine the relative contributions of water quality 
and habitat on fish community composition.  First, ecological assessments of fish communities, 
instream habitat, riparian habitat, and water chemistry in agricultural streams were performed 
in order to determine important predictors in fish community response variables.  Second, 
streamside bioassays were placed in the same field sites in order to assess only the effects from 
water chemistry on the fish.  It was hypothesized that water chemistry would have a less 
important role than instream habitat in explaining fish community diversity.   Also, since 
contaminants that are present in these streams are most frequently measured below chronic 
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and acute toxicity benchmarks, it was hypothesized that there would be no noticeable 
difference in survivorship and growth of fish among treatments.  
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METHODS 
 
Study Area 
The Conservation Effects Assessment Project (CEAP) funded by the USDA/Agricultural 
Research Service (ARS) has the goal of assessing the relative effectiveness of alternative farming 
and conservation practices on habitat and water quality.  Practices, such as low till or no till and 
wider buffer strips, contribute to better ecological integrity of fish and macroinvertebrate 
communities in receiving waters of agricultural drainage ditches.  There are a total of 24 
benchmark watersheds across the United States in the CEAP study.  One benchmark area is in 
the Cedar Creek watershed in NE Indiana (Figure 1).  Cedar Creek is the largest tributary of the 
St. Joseph River which flows from its headwaters in southeast Michigan, to the city of Fort 
Wayne, IN, where it meets the St. Mary’s River to form the Maumee River.  
The CEAP Cedar Creek study area is located in the upper Cedar Creek watershed 
surrounding Waterloo, IN.  The study area comprises three subwatershed areas, A, B, and C.  Of 
the eight study sites, seven are on tributaries of Cedar Creek, and one site is on Cedar Creek 
proper (Figure 2).  Sites AME, ALG, and AXL are on the A subwatershed.  AME drains 740 acres of 
land, ALG drains 6,240 acres, and AXL drains 17,140 acres.  Sites BME and BLG are on the B 
subwatershed.  BME drains 760 acres of land, and BLG drains 4,260 acres.  Sites CME and CLG 
are on the C subwatershed.  CME drains 920 acres, and CLG drains 4,320 acres.  The Cedar Creek 
watershed is surrounded by heavy agricultural land use, where corn and soybeans are 
predominate.  
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Ecological Assessments 
The CEAP sampling protocol was designed and outlined in a paper by Smiley, Shields, & 
Knight (2009).  Habitat, water quality, and fish community assessments were completed from 
2006 to 2010.  At each study site, a 125 meter sample zone was delineated and marked.  Within 
each zone, transect lines were marked at 25 meter increments (Figure 3).  Fish community 
assessments and instream habitat assessments were made in May, July, and September of each 
year.   Instream habitat was assessed first at each site, and fish community assessments were 
completed about one week later.   Water chemistry variables were measured at the midpoint of 
each sampling zone during assessments of both instream habitat and fish community 
assessments.   
 
Water Quality 
Upstream of each sample site, automatic water samplers collected composite samples 
that were analyzed for selected contaminants by the National Soil Erosion Research Laboratory 
(NSERL), West Lafayette, IN.  Samplers were present at each site.  Water samples were collected 
daily, and additional samples were collected during storms.  Samples were analyzed for 
ammonia, organic phosphate, total nitrate, total nitrogen, total phosphorus, simazine, atrazine, 
acetochlor, metolachlor, alachlor, and glyphosate (Table 1).   
Physiochemical parameters were measured at the midpoint of each site using a 
miniSonde Hydrolab, Hydrolab Corp.  The probe was placed midstream at the midpoint.  
Temperature, dissolved oxygen, pH, and specific conductance were recorded twice each 
sampling season. 
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Instream Habitat 
Instream habitat measurements were recorded every 25 meters in each 125 meter zone 
(Figure 3).  Along six transects across the wet width, measurements were taken at 20%, 40%, 
60% and 80% of the stream wet width.   Thus, measurements were recorded at 24 data 
collection points throughout the sample zone.  At each collection point, water depth, flow, 
substrate, and habitat were characterized.  Substrate categories included clay, silt, sand, gravel, 
cobble, and boulder.  The presence of each particle size present was recorded (Table 2).   
Habitat categories included terrestrial vegetation, aquatic plant, algae, small woody debris, large 
woody debris, and leaf litter.  The presence of each habitat type present was recorded (Table 3).  
At the midpoint of the stream, additional flow and depth measurements were taken at ten 
equidistant points across the stream to calculate discharge.   
 
Riparian Habitat 
Riparian habitat was characterized once at each site annually during October.  
Measurements were taken at each 25 meter transect within each sampling zone.   Distance from 
water’s edge to mowed edge was measured and recorded.  Distance from water’s edge to 
agricultural field was also measured and recorded.  A plot one meter wide by ten meters long 
was marked at each transect and used to characterize herbaceous and woody vegetation (Figure 
4).  Any herbaceous and woody vegetation present was measured and classified according to 
height strata of 0-0.5 m, 0.5-2.0 m, 2.0-5.0 m, and >5 m.  The presence of each height strata was 
recorded.  Any woody vegetation, shrubs or trees, were identified using a dichotomous key 
when necessary and recorded.  A spherical densitometer was used to estimate canopy cover on 
each bank at each transect from a point that was 5 meters from the stream wet edge facing 
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upstream.  Canopy cover was also measured at mid-stream for each 25 meter transect, facing 
upstream.   
 
Fish Communities 
Fish communities were sampled using a backpack-style electroshocker.  A seine net was 
placed at the furthest upstream point of the sampling zone, and fish were collected moving 
from the downstream end to the upstream end of the sampling zone.  After the zone had been 
electrofished, seine nets were used to sample in each 25 meter section of the sampling zone 
when possible.  Fish were collected, identified, counted, and returned to the stream.  Total 
lengths were recorded for at least 20 individuals of species of greatest abundance, and for at 
least ten total lengths for species of less abundance.   In some cases, when less than ten of a 
certain species was caught at a sampling site, each fish of that species was measured.  When a 
fish could not be identified in the field, it was euthanized in MS-222 and later identified with 
dichotomous key (Eddy & Underhill, 1969; Pflieger, 1997). 
In 2006 some fishes were kept for a voucher collection.  Selected fish were euthanized 
using MS-222 and preserved in formalin.  Fish were identified using dichotomous keys.  On May 
15, 2007 each species in the collection was verified by Brant Fisher, Nongame Aquatic Biologist 
of the Indiana Department of Natural Resources. 
 
Data Analysis 
 Principal components analysis (PCA) was used to determine important trends for 
instream habitat, riparian habitat, and water chemistry.  Once important axes were 
characterized for each category, multiple linear regressions (MLR) were run with the fish 
  10 
 
response variable data in order to determine relationships between response variables and 
water and habitat variables.  Fish community response variables were used as the dependent 
variables and instream habitat, riparian habitat, and water chemistry axes were used as the 
independent variables in the analysis (Smiley, Gillespie, King, & Huang, 2008; Smiley, Gillespie, 
King, & Huang, 2009).  PC-ORD 4 for Windows (MjM software, 1999) was used for PCA.   SPSS 
(SPSS Inc. IBM Company, 2010) was used for MLR and significance was acknowledged at p<0.05. 
Seventeen fish community response variables were calculated (species richness, 
abundance, evenness, reproductive guild richness, trophic guild richness, headwater species 
richness, percent headwater species, percent pioneer species, percent cold water species, 
percent guarder nest spawner, percent guarder substrate chooser, percent omnivore, percent 
insectivore, percent Cyprinidae, percent Percidae, percent creek chub, percent fathead minnow) 
for each site for each year using the data gathered from electrofishing over the five years 
(Smiley et al., 2009).  Fishes were assigned to categories based on published literature 
(Goldstein & Simon, 1999; Mundahl & Simon, 1999a; Mundenhal & Simon, 1999b; Pflieger, 
1997; Simon, 1999; Smiley et al., 2009).   
 
Bioassays 
Fathead minnows were exposed to ditch water in bioassay systems from early larval 
stage through maturity during May through September 2010.  Fathead minnows are a 
commonly used aquatic test organism and are native to Cedar Creek.  Streamside bioassay 
systems were constructed at three study sites in the CEAP study area.  Bioassay tanks were 
located immediately downstream from the ARS/NSERL water samplers, and upstream of the 
CEAP sampling zones. Water was pumped from the ditch and delivered directly to each fish 
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exposure chamber via a manifold, and drained at the opposite end to return to the stream at a 
site downstream of the pump intake (Figure 5).   A reference bioassay was maintained in a 
laboratory of the Life Sciences Resource Center (LSRC) at the IPFW campus.  This assay was 
constructed in the same way as the field bioassay tanks, but was a closed re-circulating system 
with dechlorinated tap water.  
Brood stock of fathead minnows (Pimephales promelas) were purchased from Aquatic 
Research Organisms, Hampton, NH.  Fish were maintained in a re-circulating culture tank system 
with dechlorinated tap water at the LSRC.  Brood stock were provided a diet of trout chow with 
no less than 38% crude protein to induce spawning.  A diel cycle of 16 hour light and eight hour 
dark was established, and water temperature was maintained at 23-26⁰C. During non-breeding 
periods, water temperature was decreased to 17-21⁰C.  Dissolved oxygen levels were 
maintained at or above 85% saturation, pH was kept between 7.5 and 8.1, and ammonia levels 
were maintained below 0.2 mg/L.  Polyvinyl chloride tiles were provided as spawning substrate 
for breeding pairs.  
Fathead embryos were gathered from the culture system from 22-26 April 2010, and fed 
a diet of < 24 hour old brine shrimp twice daily.  Larval fatheads were randomly divided into 
three groups of 30 fish per each treatment, and reared in either dechlorinated tap water or 
water collected from the ditches in the study area.  Water was renewed two times every week.  
After 3-4 weeks post hatch, fish larvae were switched to a diet of high protein trout chow.  At 
about eight weeks post hatch on 19 June 2010, juveniles were placed in their respective 
bioassay tanks at study sites.  No less than three times weekly, dissolved oxygen (DO), pH, 
Specific conductivity (SpC), and light penetration was measured in assay chambers and in 
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ditches.  On 13 September 2010, after nineteen weeks of exposure, all fish were euthanized 
with MS-222 and preserved in buffered formaldehyde.   
Fish were measured, weighed, and inspected for abnormalities.   Gonads and livers were 
dissected, weighed, and preserved in buffered formaldehyde.  Hepatosomatic index (HSI) was 
calculated by dividing liver weight by the body weight and multiplying by 100.  Fulton’s 
condition factor (K) was calculated by multiplying the weight by 100 and then dividing the total 
by the length cubed. 
 
Data Analysis 
Mann Whitney tests were used to compare stream water measurements to tank water 
measurements at each field site.  One way ANOVA was used to compare length, weight, HSI, and 
K of fish from exposure chambers within each treatment; length, weight, HSI, and K of fish 
among treatments ; temperature, DO, pH, SpC, and light penetration in tanks among 
treatments; and nutrient and herbicide data among sites.  All ANOVA tests were followed by 
Bonferonni pairwise post hoc comparisons.   Systat for Windows (Systat Software, 2007) was 
used for ANOVA tests and significance was acknowledged at p<0.05.  Mann Whitney tests were 
run in SigmaPlot for Windows version 11.0 (Systat Software, 2008) and significance was 
acknowledged at p<0.05.    
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RESULTS 
 
Ecological Assessments 
 Principal components analysis of instream habitat, riparian habitat, and water quality 
variables resulted in two novel axes for each category.  These axes were used as independent 
variables in multiple linear regressions with fish response variables as dependent variables (see 
Figures 6 & 7 as examples).   
Standardized coefficients gained from multiple linear regressions were compared in 
order to determine which PCA axes best explained the variation in fish response variables (Table 
4).  Ten of the fish community response variables were best described by instream habitat axes 
1 and 2.  Three fish response variables were best described by riparian axis 1.  Four fish response 
variables were best described by nutrients and herbicides axes 1 and 2. 
 
Bioassays 
Water Quality 
 There were no significant differences (p>0.05) among exposure chambers within any 
treatment group for temperature, DO, pH, SpC, light, and flow rate.  There were no significant 
differences (p>0.05) between stream water and bioassay water at any site for DO, pH, or SpC. 
 Concentrations of total phosphorous at ALG were significantly greater (p< 0.05) than 
those at BLG and CLG (Figure 8).  The majority of reported total phosphorous concentrations 
were above reference condition of 0.0625 mg/L (USEPA, 2000) at all sites.  Furthermore, all sites 
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had samples with total phosphorus concentrations above the criterion IDEM considers to be 
impaired aquatic life use (IDEM, 2007).  Concentrations of total nitrogen were significantly 
higher at ALG (p<0.05) than at CLG (Figure 9).   Concentrations of total nitrogen at BLG were 
intermediate.  Concentrations of total nitrogen occasionally exceeded the USEPA criterion to 
protect aquatic life at all sites (USEPA, 2008).  Concentrations of total nitrates were significantly 
higher at ALG than at CLG (p<0.05) while those at BLG were intermediate (Figure 10).  
Concentrations of total nitrates occasionally exceeded reference conditions of 1.6 mg/L at all 
sites (USEPA, 2000).  Concentrations of total nitrates did not exceed acute or chronic toxicity 
levels at any time during the exposure period (Scott & Crunkilton, 2000).  Concentrations of 
ammonia were significantly higher at BLG than at ALG and CLG (p<0.05; Figure 11).  All 
concentrations were below the USEPA chronic toxicity levels for aquatic life of 1.8 mg/L (pH 8, 
25⁰C; USEPA, 2011a). 
 Concentrations of atrazine were significantly higher at BLG than CLG, while those at ALG 
were intermediate (Figure 12).  Concentrations of atrazine did not exceed the USEPA (2011b) 
chronic or acute toxicity benchmarks, 65 and 2,650 µg/L respectively, at any site during the 
exposure period.  Concentrations of simazine were significantly higher at BLG than at ALG and 
CLG (p<0.05; Figure 13). Concentrations of simazine did not exceed the USEPA chronic toxicity 
benchmark of 960 µg/L or the acute toxicity benchmark of 3,200 µg/L during the exposure 
period (USEPA, 2011b).   Concentrations of glyphosate were significantly higher at BLG than at 
ALG or CLG (p<0.05; Figure 14).  Concentrations of glyphosate did not exceed USEPA chronic or 
acute toxicity benchmarks, 1,800 µg/L and 21,500 µg/L respectively (USEPA, 2011b).  
Concentrations of metolachlor were significantly higher at BLG than at ALG or CLG (p<0.05; 
Figure 15).  Concentrations of metolachlor did not exceed USEPA chronic or acute toxicity 
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benchmarks, 1,000 µg/L and 1,600 µg/L respectively (USEPA, 2011b).  There was no significant 
difference among sites for acetochlor or alachlor concentrations (Figure 16 & 17).  
Concentrations of acetochlor did not exceed USEPA chronic or acute toxicity benchmarks, 130 
µg/L and 190 µg/L respectively (USEPA, 2011b).  Concentrations of alachlor did not exceed 
USEPA chronic or acute toxicity benchmarks, 187 µg/L and 900 µg/L respectively (USEPA, 
2011b).   
 
Bioassay Water 
Mean temperature water varied among bioassays.  Temperature at ALG was 
significantly less than that at all other sites (Figure 18).  Mean temperatures did not differ 
significantly between BLG and REF or CLG and REF.  Temperatures did not exceed maximum 
thermal tolerance (Eaton & Scheller, 1996).  Concentrations of DO remained above the EPA 
bioassay standard of 4.9 mg/L or 65% saturation (USEPA, 1999) at sites ALG, CLG, and REF 
(Figure 19).  However, DO levels fell below 4.9 mg/L at BLG several times during the exposure 
period.  There was no significant difference in pH among field sites, however, pH in REF had was 
significantly lower than that at all field sites (Figure 20).  pH in REF remained within EPA-
accepted range of 6.5-9 (USEPA, 1999).  Conductivity differed significantly among all treatments.  
Conductivity was significantly lower at REF than all other treatments.  Conductivity was 
significantly higher at BLG than all other treatments (Figure 21).  Light penetration in the tanks 
was significantly higher in ALG, BLG, and CLG than in REF.  Light penetration in the field sites 
ranged from 5.5-7200 footcandles.  Light penetration in REF ranged from 10-13 footcandles.   
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Fathead Minnows 
Each treatment started with 30 fish per exposure chamber for a total of 90 fish per 
treatment.  At the end of the assay, 90 fish were retrieved from both ALG and BLG for a 100% 
survival rate.  CLG and REF both had 85 fish at the end of the study, a 94% survival rate.   
Survivorship did not differ significantly among treatments (Figure 22).  Fish from CLG weighed 
significantly more than fish from all other treatments.  Fish from REF weighed significantly less 
than all other treatments (Figure 23).  Fish at CLG were significantly longer in length than fish in 
any other treatment.  Fish from REF were significantly shorter in length than those from any 
other treatment (Figure 24).  There was no significant difference in HSI or K among treatments 
(Figures 25 & 26).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  17 
 
DISCUSSION 
 
Ecological Assessments 
It was hypothesized that water chemistry has a less important role than instream 
habitat in explaining fish community diversity.   Principal components analysis combined with 
multiple linear regression suggest that instream habitat better explains fish community 
response variables than riparian habitat or water quality.   
It is no surprise that instream habitat has a significant effect on fish community 
diversity.  Literature since at least 1939 reported that fish community diversity decreased after 
dredging and channelization in two streams in Ohio (Trautman, 1939).  Since then, many studies 
have reported the negative impacts of agricultural land use and stream channelization on fish 
community diversity.  Streams modified for drainage have been shown to have less fish 
community diversity than unmodified streams (Gorman & Karr, 1978).  Agricultural land use in 
the upper reaches of a watershed has been shown to significantly increase sediment load within 
the streams, and decrease fish community species diversity in the downstream reaches of the 
watershed (Walser & Bart, 1999).  Sullivan et al. (2004) found that as habitat quality increases, 
fish community diversity increases, and that fish community composition was positively 
influenced by the pool, glide, riffle, and run habitats within the stream.  Lau et al. (2006) found 
that fish community diversity is positively correlated with habitat quality in Indiana headwater 
streams.  The relationship of stream habitat and fish communities seems to be well understood, 
but the role of overall water quality and fish populations is less so.     
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The results of this study are in accord with those of Smiley et al. (2008), which also 
looked at the relative contributions of water quality and habitat quality to fish community 
diversity.  However, the role of water quality individually in fish community diversity is still not 
well understood.  Miltner and Rankin (1998) found that fish community diversity is negatively 
related to increased total inorganic nitrogen and total phosphorous in streams.  Herbicides were 
not included in their study.  D’Ambrosio et al. (2009) found that there was not a significant 
correlation between fish communities and stream nutrient loads.   Smiley et al. (2009) looked at 
the relationship among physiochemical measurements, contaminant concentrations, and fish 
communities in streams used for agricultural drainage.  Their study reported weak but 
significant correlations with water quality and fish community diversity.  Fish communities were 
positively correlated with pH, DO, and metolachlor; and negatively correlated with ammonium 
and nitrate plus nitrite (Smiley et al., 2009).  The two watersheds in Smiley et al. (2009) are 
benchmark sites of the CEAP study where agricultural conservation practices (wide buffer strips, 
low till, no till) are already in effect.  It is possible that these conservation practices are already 
positively influencing water quality, decreasing the apparent role that water quality has on fish 
communities.  Water quality could play a greater role in explaining fish community diversity in 
watersheds where these conservation techniques are not already in practice. 
 
Bioassays 
It was hypothesized that that there would be no noticeable difference in survivorship 
and growth of fish among bioassay treatments.  The data from this study support the hypothesis 
that fish community integrity may be less influenced by water quality than by habitat quality in 
agricultural drainage ditches.  
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Survivorship did not differ significantly among sites.  Survivorship was 100% at ALG and 
BLG, and 94% at CLG and REF.  Carcasses of fish were not found at any time during the study in 
either tank, so it is unclear whether fish escaped in the case of CLG, or if there were 
undiscovered mortalities.  Smith et al. (1978) reported smaller fish missing from bioassay 
experiments with fathead minnows and offered cannibalism as a possible explanation for the 
reduction in number.  With such high survivorship in all treatments, it is unlikely that poor water 
quality or contaminant concentrations were a factor. 
Fish from REF were significantly smaller than fish from other treatments.  A possible 
explanation for this is food quantity and/or food quality.  Fish in all tanks were provided equal 
measured amounts of commercial chow, ad libitum.   In the streamside bioassays, water was 
not filtered between the stream and tank, and it is likely that macroinvertebrates from the 
stream were pumped into the tanks.  Fish were observed foraging along the sides of the tanks 
many times during the exposure, so it is likely that fish in the outdoor streamside tanks 
supplemented the commercial chow diet.  Light could also have been a factor in this difference 
in growth.  Light in REF was significantly lower than in ALG, BLG, and CLG.  Call et al. (1984) 
found significant increase in growth in fathead minnows with increased light in laboratory 
bioassays.   Although REF fish were smaller, there was no difference among treatments in HSI or 
K.  It has been reported that liver weight is directly related to energy stores, especially in the fall 
season when the exposure ended (Chellappa, Huntingford, Strang, & Thomson, 1995).  K is an 
index that describes ideal growth by integrating weight and length (Froese, 2006) and is used in 
fisheries to estimate the fat content and therefore energy reserves available to a fish when little 
or no food is present (Bolger & Connolly, 1989).  Chapella et al. (1995) found K to be significant 
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when predicting energy stores in stickleback fish.  This would suggest that although REF fish 
were smaller, energy stores were similar to fish from other treatments.  
Fish from CLG were significantly larger than fish from other treatments.  There is not an 
obvious pattern with respect to contaminants that would easily explain this size difference 
between fish at CLG and fish at ALG and BLG.  There are several possible explanations for the 
difference in size between fish at CLG and fish at ALG and BLG.  It is possible that one or more 
unknown contaminants that are not being tested for are present, and having an effect, in one or 
more of the study sites.  Another possible explanation for this size increase could be food 
quality.  Macroinvertebrate populations were not characterized or quantified either in the 
streams or in the bioassay tanks for this study.  There is the possibility that fish at CLG had 
access to higher quantity or quality of food than at ALG or BLG.  
 At the end of the season, it was discovered that some fish escaped from the exposure 
chambers at CLG.  Exposure chambers started with 1.2 fish per gallon.  At ALG and BLG, the 
exposure period ended with 1.2 fish per gallon.  At CLG the exposure period ended with 1.1 fish 
per gallon.  The EPA recommends stocking densities for juvenile fish, three to four months old, 
of 2-2.7 fish per gallon (Denny, 1988).  One study found that there was no significant difference 
in fathead minnow length and weight for initial stocking densities of 0.77 fish per gallon, 1.5 fish 
per gallon, and 3.08 fish per gallon (Smith, Schreck, & Maughan, 1978).  It is unlikely that this 
decrease in fish density from 1.2 fish per gallon to 1.1 fish per gallon was enough to cause this 
increase in size at CLG. 
Data from the streamside bioassays indicated that exposure to agricultural 
contaminants did not negatively affect survivorship in fathead minnows.  However, the results 
of this study only used growth, survivorship, and health indicators as endpoints.  It is impossible 
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to say for sure that stream water quality had no effect on fish.   It is possible that exposure to 
contaminants present in the streams caused sub-lethal effects that were not detected by the 
endpoint measures in this study.  Bringolf et al. (2004) found that exposure to 5 µg/L and 50 
µg/L atrazine concentrations caused a decrease in gonad size, decrease in fertilization rate, and 
decreased egg production; however, these findings were not statistically significant.  A more 
recent study by Tillitt et al. (2010) using 0.5 µg/L, 5 µg/L, and 50 µg/L of atrazine found that 
exposure to atrazine at all concentrations caused a significant decrease in egg production, 
reduced the number of spawning events, and increased the number of gonad abnormalities 
after 20 days of exposure(Tillitt et al., 2010).  As it stands, the USEPA (2008) chronic toxicity 
benchmark for atrazine is 65 µg/L.  During the exposure period for this study, atrazine 
concentrations exceeded 0.5 µg/L for at least one 20 day time period at all sites.  If atrazine is in 
fact having adverse effects on reproduction at concentrations lower than this benchmark, there 
are possible sub-lethal population effects that could be acting on these fish populations.  Also, 
atrazine is only contaminant in the complex mixture of contaminants that is present in these 
stream waters.   
Results of streamside bioassay combined with statistical analysis of ecological 
assessments supported the hypothesis that fish community integrity may be less influenced by 
water chemistry than by habitat quality in agricultural drainage ditches.  It is possible that water 
quality is showing less of an effect on fish populations because of the lower than acute and 
chronic toxicity benchmark contaminant concentrations found in these streams.  These lower 
concentrations could be due to the agricultural conservation practices that are already in place 
in this CEAP study site.  The results of this study suggest that in order to improve fish community 
integrity in these headwater streams dominated by agricultural land use, it will be important to 
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put effort into improving the quality of instream habitat in addition to current efforts focused on 
improving water quality. 
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APPENDIX 
 
 
 
Table 1.  Water quality measurements taken for the CEAP study. 
 
ARS/NSERL Automatic Water Samplers 
Hydrolab 
Nutrients Herbicides 
Total Nitrogen Atrazine Temperature 
Total Phosphorus Simazine Dissolved oxygen 
Total Nitrates Alachlor pH 
Ammonia Acetochlor Specific conductance 
 Metolachlor  
 Glyphosate  
 
 
 
Table 2.  Substrate categories and particle sizes of substrate classifications. 
 
Substrate Particle size (mm) 
Clay <0.004 
Silt 0.004-0.06 
Sand 0.06-2 
Gravel 2-64 
Cobble 64-256 
Boulder >256 
 
 
 
Table 3.  Instream habitat classifications and descriptions. 
 
Habitat Description 
Terrestrial vegetation Living, includes root masses 
Aquatic Plant  Submergerd on growing on surface 
Algae  
Small woody debris Small sticks 
Large woody debris Large sticks or logs 
Leaf litter  
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Table 4.  Standardized coefficients from MLR.  Highlighted boxes indicate axes that best explain 
fish community response variables.  Underlined values show significant correlation (p<0.05). 
 
 
 
 
 
 
 
 
 
 
Fish Community 
Response Variables Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
Species Richness -0.710 0.177 0.312 0.020 -0.018 0.221
Species Abundance -0.806 0.091 0.380 0.072 0.097 0.231
Evenness -0.106 0.237 0.168 0.087 0.239 -0.126
Reproductive Guild Richness -0.451 0.253 0.114 -0.122 -0.090 0.139
Trophic Guild Richness -0.602 0.023 -0.129 -0.126 0.143 -0.034
Headwater Species Richness -0.764 0.125 0.394 0.071 0.017 0.260
% Headwater Fishes -0.291 0.120 0.619 0.047 -0.220 -0.097
% Pioneer Species -0.006 -0.215 0.129 0.025 -0.147 -0.037
% Coldwater Species -0.183 0.378 0.497 0.082 -0.237 0.173
% Guarder Nest Spawner 0.154 -0.296 -0.090 0.192 0.184 0.366
% Guarder Substrate Chooser 0.364 -0.157 -0.343 0.053 0.185 -0.149
% Omnivore 0.386 0.193 -0.027 -0.041 -0.393 0.292
% Insectivore 0.007 -0.367 -0.005 0.138 0.397 -0.314
% Cyprinidae -0.222 0.424 0.435 -0.099 -0.413 -0.099
% Percidae -0.395 -0.245 0.211 0.221 0.171 0.288
% Creek chub 0.289 0.043 -0.044 -0.128 -0.270 -0.405
% Fathead minnow 0.426 0.146 0.198 0.188 -0.412 0.283
Standardized Coefficients from Multiple Linear Regression
Instream Habitat Riparian Habitat Water Quality
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Figure 1.  Map of Saint Joseph River watershed.  Watershed begins in Michigan and flows south 
toward Fort Wayne, Indiana.  Yellow and brown sections are Cedar Creek watershed, the largest 
tributary of the St. Joseph River.  Map courtesy of ARS/NSERL. 
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Figure 2.  CEAP study area in DeKalb County, Indiana.  CEAP sites are designated with red dots.  
Colored areas represent land drained by each subwatershed.  Map courtesy of ARS/NSERL. 
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Figure 3.  Diagram of 125 meter sampling zone divided into 25 meter transects.  Not to scale.  
Perpendicular marks at 20, 40, 60, and 80% represent instream habitat sampling points. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Diagram of 125 meter sampling zone divided into 25 meter transects.  Not to scale.   
Riparian herbaceous and woody vegetation sampling zones on left bank of stream are 
represented by green boxes.     
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Figure 5.  Bioassay tank design.  Aerial view. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stream  Flow 
  33 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.  Abundance with respect to Instream Habitat Axis 1 from PCA.  
 
 
 
 
 
Figure 7.  Evenness with respect to Water Quality Axis 1 from PCA. 
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Figure 8.  Total phosphorous in bioassay study sites for the exposure period in 2010.  Sites with 
different letters differ significantly from one another.  Reference conditions (RC) 0.0625 mg/L 
(USEPA, 2000).  Impaired aquatic life (IAL) use 0.300 mg/L (IDEM, 2007). 
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Figure 9.  Total nitrogen in streamside bioassay study sites for the exposure period 2010.  Sites 
with different letters differ significantly from one another.  Line represents protection of aquatic 
life benchmark 2.18 mg/L (USEPA, 2008). 
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Figure 10.  Total nitrates in streamside bioassay study sites for the exposure period 2010.  Sites 
with different letters differ significantly from one another.    Line represents reference 
conditions of 1.6 mg/L (USEPA, 2000).  Chronic toxicity 717 mg/L, acute toxicity 1,160 mg/L in 
fathead minnows (Scott, 2000). 
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Figure 11.  Ammonia in streamside bioassay study sites for the exposure period 2010.  Sites with 
different letters differ significantly from one another.  Line represents chronic toxicity 1.8 mg/L, 
acute toxicity 5.0 mg/L at pH=8 and 25⁰C (USEPA, 2011a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  38 
 
 
 
Figure 12. Atrazine in streamside bioassay study sites for the exposure period 2010.  Sites with 
different letters differ significantly from one another.  Chronic toxicity 65 µg/L, acute toxicity 
2,650 µg/L (USEPA, 2011b). 
 
 
 
 
 
 
 
Figure 13.  Simazine in streamside bioassay study sites for the exposure period 2010.  Sites with 
different letters differ significantly from one another.  Chronic toxicity 960 µg/L, acute toxicity 
3,200 µg/L (USEPA, 2011b). 
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Figure 14. Glyphosate in streamside bioassay study sites for the exposure period 2010.  Sites 
with different letters differ significantly from one another.  Chronic toxicity 1,800 µg/L, acute 
toxicity 21,500 µg/L (USEPA, 2011b). 
 
 
 
 
 
 
 
Figure 15. Metolachlor in streamside bioassay study sites for the exposure period 2010.  Sites 
with different letters differ significantly from one another.  Chronic toxicity 1,000 µg/L, acute 
toxicity 1,600 µg/L (USEPA, 2011b). 
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Figure 16. Acetochlor in streamside bioassay study sites for the exposure period 2010.  Sites 
with different letters differ significantly from one another.  Chronic toxicity 130 µg/L, acute 
toxicity 190 µg/L (USEPA, 2011b). 
 
 
 
 
 
 
 
Figure 17. Alachlor in streamside bioassay study sites for the exposure period 2010.  Sites with 
different letters differ significantly from one another.  Chronic toxicity 187 µg/L, acute toxicity 
900 µg/L (USEPA, 2011b). 
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Figure 18.  Mean temperature of bioassay exposure tanks 2010.  Sites with different letters 
differ significantly from one another.  Maximum thermal tolerance 34⁰C (Eaton and Scheller, 
1996). 
 
 
 
 
 
 
 
Figure 19.  Mean DO in field and indoor reference bioassay tanks 2010.  Sites with different 
letters differ significantly from one another.  Line represents USEPA (1999) bioassay standard 
4.9 mg/L. 
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Figure 20.  Mean pH in bioassays 2010.  Sites with different letters differ significantly from one 
another.  Lines represent USEPA (1999) suggested bioassay pH range 6.5-9. 
 
 
 
 
 
 
 
Figure 21.  Mean specific conductivity of all bioassay tanks 2010.  Sites with different letters 
differ significantly from one another. 
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Figure 22.  Survivorship of fish from bioassay tanks 2010.  Sites with different letters differ 
significantly from one another. 
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Figure 23.  Mean weight of fish from streamside bioassays 2010.  Sites with different letters 
differ significantly from one another.  30 fish per tank in ALG, BLG, REF.  27.5 fish per tank in 
CLG. 
 
 
 
 
 
 
 
Figure 24.  Mean length of fish from bioassays 2010.  Sites with different letters differ 
significantly from one another.  30 fish per tank in ALG, BLG, REF.  27.5 fish per tank in CLG. 
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Figure 25.  Mean hepatosomatic index of fishes from bioassays 2010.  Sites with different letters 
differ significantly from one another. 
 
 
 
 
 
 
 
Figure 26.  Mean condition factor of fish from bioassay tanks 2010.  Sites with different letters 
differ significantly from one another. 
